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Abstract 



Efficiency of leading out light released from an active layer, i.e. the external quantum efficiency, can be improved remarkably by 
processing a light lead-out surface to have an embossment A layer containing a p-type dopant lilce magnesium (Mg) is deposited 
near the surface of a p-type GaN layer to diffuse it there, and a p-side electrode is made on the p-type GaN layer after removing 
the deposited layer. This results in ensuring ohmic contact with the p-side electrode, preventing exfbliatton of the electrode and 
improving the reliability 
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•r^ifc-feN pMGaNS4©±{CWi^X h^PJJ^®/^^ 

4^^^tt©mfetCfiKJ|^U ^^'^>^-rsci:t.fc!3E7 

[0 0 6 2] *^fl5fi?!ltc:}3V^Tt). 0 1 CM UTmi3zEb 
fct)©i:|5l«tCv ^'t4Ji3*>?,a!il$nfc^S^1^Si5t:5i 

[0 0 6 3] *^B0!l{::<tn«> pSGaN® 

4©*®©[aa5^#— ©ix^XttfcbfccifcCJ: !3. IS 

[0 0 6 4] *l6ra©^4©gE?i^«?!|K0V^Tl5iia 

30 -rso 

[0 0 6 5] m6it. ^mm<D^4:(D^m&i^mi-rmf^ 

jBHS0-efe-5. Pllafc*5V^T*^^ 0 1 3 bT 
Hui£bfcSP^i:[5l-©g?^tia:, PJ-©^^S:WbTP 
«B*®i?9H;«BSt-i.o *^JI^^Jt*^v^-CH;, pSGaN 
S4©^St±^ffl-efet)^ ^©±lcit«*ix&piiiy^ra 
Sfill 3ffl«fflASQI]c:|^(cJ^x$^^TV^?)o c:©j;-5t: 
btt). ^fc©5i?)tlib^^*aSt#-rsci:AST-g?.o 
[0 0 6 6] ^J5:t>*>. jSSSSSI 3i:bT#ffl$ixS 
ITO©ffl*f^tt> m2. OT-fet). pSGaNg4® 
40 mmmZ. 6 7^C^bT^£V^„ (i£-:3T^ pMGaNJi4 
tiSBBSffi 1 3 h©fflT-{i> ^SWttJSifi-rscii:*^ 

13tAWbfc*H:. SltlibTS5MbfcJ©-&i:is)« 

{C^©[H]di®^C:^3V^Tei#^i »J ^)'J^$V^Si^^JS■CA 

^^sa5[#-ri> d 1 1 So 

[0 0 6 7] ^IIJigJKJBtJ^nKx p^GaN 

M4©SB$:inx^S'ii'S*5^v^fc». Anniti^oT^ 
bdS««^»rBt-5Ci:*^T-§So iSfdxtfs pSGa 
50 Ng4©Sffl&D3Citt{CilDXt--5fcK)taa©X^Xv 
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"^^WA^i^mtt. pSGaNji4©aii*sSSSU 

pMGaNJl4©aa^i^x•r5'i^®3!)S55;^^<D•?^ :t— 
[0 0 6 8) *fcs *^Ji5«^jt343v^T{i. pmG&um 

[0 0 6 9] 5®BBs@i aosaci&ttsiHiejo-'^^j'— 

[0 0 7 0]-*-^, I TOJ&iif®SB8«®H;. 
Bg-^ 7, fc ra 1, % t> tl 5 •? . ?> 2 o 

fju ^tL**v®3>te*^*flr»cifteK:fea:^W?^— 

[0 0 7 1] l/-if^i:bT(i^ ^J^«^ He-Cdb 
— tf 3 2 5:^>'^— ^) i:Arly— If 30 

[007 2] *fc> :i<D^'5^Wm^^i'->^Bm-t?> 

^5^i:bTfflv^, S^tf— A^^fft-TSC i:{c:<t ^)^ 

^ tJ' - > 5 5 . 

[0 0 7 3] 2|s^W©^5©IEB09{c:ov^ti^iW 

[0 0 7 4] E 9 {±. *^?e©sg 5 o:>^wm^m.-rm^ 
j^ia-^fes, piac*v%T*). laiTSMiascHbT 40 

Ji4©*Ha:^BT-fe?)> ^©±c:B:x pffl!SWS«ll 

b® 2 0#^^t?.^^TV^So ^bT^ JfcSlt)aib»2 0 
©ft®tfIH]atft{ciDX$:^^TV^:5o C© J;^ t bt 4). 

^©iiit)aib«i*&ajt#-rsiii:**-r-*5. *se 

J^«^fc:43V>T*>, pSGaNS4©*®t:[ainiS:JKfiK-r 
?>'£smifi^\^(OX'. iPX{c^-5M®*RS^, pSGaN 
^4S:■e^^S^<fi^«■r■Si^^54>*V^o 5:*5> 50 
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©JS'&ttts ®3teismsisi 3i;5j^>7='f vi'^^iei: 

[0 0 7 5] fg^ttSfilSl 3-^^Slt3l±Sbe2 

JlstiibTH;, «^^S3ipe,S^tll$n€.:)fc^::?^b-cS3ttt 
?&*U aopSGaNS4h3£V>ja#T^t:Wf 
*sa*bV^o Cine.©jl©Ja*f**^pSGaN 
)i4i:i£{tn«. SHT-©^©^S*t&ffi^U :y6®?Sl 
?)aib^*S:iS5<-rS-i:-!)^T-tSo ^tSl^JtUb 

J12 o©*j^4i:bT. mms.^m-r^'b<D^m^^ni£. 

[0 0 7 6] il3tffi«ilJS 1 3 (DMUii bTtt. ««JA 
{^^ I TO$:^{f5Ci:*5T-§So 3fcSlt3ffibji 

2 0©tJ!|s^i:bTH:x m^i£. GaN tSSf^A'SVv^ 

©T?. ;«;§«:IHia4)S^{::fl^^-rscii:*5-C-g> DUO® 

*fspH:iJ«Jl. 6gfiT> GaNi:lt«5[e<jiev%H#f*4* 

[0 0 7 71 *ai!?aib®2 0©WJ^i:bT{±. 

S'fb^'Unv (SiNx) SW-SitA^T-gSo -Tfe 
t>-fe> ^{bi' U n >©aiT^«:. «*J2. OT•feD^ Ga 

N©a^T*i:^£v^fc4^)^;:. ?s<4e3A»e>S![Hi^tvfe**s 

ii pa Cisv^T ^sw^ n S c h ^ I55it-r 5 d i: *«T- ^ 

•So ■^©flbtlfes III2O3 (HSf^Jii^ 

2. 0) . NdsOa (a«T^H:iKl2. 0) . SbsO 

3 (JB*f^f±iK} 2 . 0 4) . ZrOs (SSr^JiJl!^ 2 . 
1) . CeOa (jaSf¥ft«>2. 2) . Ti02 (H«f* 
mm 2. 2~2. 7) . ZnS (S»f*tti^2. 3 

5) , BisOs (Ja#r*B:i^2. 4 5) Jfeif^fflV^T*) 

Hi bS 2 0 (Ditnt bTtts 

[0 0 7 8] W±^ M<*fi»IS#Mboo*^^©IISS® 

JB^trov^TlttWbfco bA^b. *^BStt> CtL5>®S, 
^*:0!I^::S^$i^S4>©T•H:^5:V^„ ^?|J^«^ GaNH®« 

[0 0 7 9] ^tftm^<ommi±. ^m^ifim:^^ 
ny^xwiwtizm^-r?>^tifix^?>» -tat)^^ .^iz 

ifiX-^. m^i£. rBtSii*^.«fi^^#PM©«jSi:bfc 
}!H4)l©±Tt::^^^i'h-«S:IS;{tfcD bT4)mv'>o 
[0 0 8 0] *fc> »Ki:bTfflV>:5*©tt-9-7r'f T 

O. ScAlMg04. LaSrGaO*^ (LaSr) 
(A IT a) 0,&if©i^Mt<4S«-^^ SiC. Si, 
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GaAs> GaN3&^®««^4S^gfe|5]:g|^CfflV^T^t^ 
^ti(D^m-&i^'^^tifiT:§?>o ^:^T^ ScAlMg 
04*«©S^(C{i. (0 0 0 1) a. (LaSr) 
(A IT a) 03««®®-&lC{± (111) 
Ci:*sa*UV^„ ^iz. GaNtcov^TJis ^^JjtJSx it 

)S < b G a ^ -9- 7 T ^' TMEiP e>SiJfai LT G 
a N»« t U-Cffl V> 5 d t ? 5 . 
[0 0 8 1] GaN©<ta;&««ttOS«^fefflV^ 
ta-^ttt. ^^^?On«|«ffiS»«OS®fflltl9!{t 10 

[0 0 8 2] 

[0 0 8 3] *-r> *^WCJ;^v«^ 

[0 0 8 4] *^^at^J:^^{^^ pMGaNJS©a 
Hffa£lc^i^^$^ii7A (Mg) ftir^pSb*— y^>hS 20 

^a^^aJKT-#^^-&S:li:^rJ;^), p{i!l«li:®:4--5 

[0 0 8 5] *e,t;i, *^?9{Cj;n«x ^i^^i"i7A«: 
ifCDp^K-/t> b^«Abfc^t^®^«$pSG 
aNJi©«SA^6>|^5fe-ri)Ci:tcj;-3T^ p«y®8l©PJ 

i:-:>X. ^«l»)tBbB©SeB14&«i«bv ^^^SeSf 30 

[0 0 8 6] ^fc. *^B§t;:<t*x«. v<?';!;i'>>A:&if 
*K;«tT p M b- -^"^ > h *i£«Clc J; t) JgjEKt 
K-ir>^-rSCi:{Zj;-DT. pMGaNM4© r®^ 
nj SllS-rS^lfc*)-e?So -miJ^. pMGaNJg 
©SfflCGflCi^aSttSfctofCtt. GaNJi^$)i,S«JP 
<J&^t-5'isS*^fef3v pSK-/0^&]^^^^S«T• K 
-b:><^bTGaNjl$:iP<fi£ft-ri)i: rs^tij 

JE!gS^tv^4^S^->A$^A1-S©T-. pMGaN 40 

i£>Stf«:V^o t!6oT. mmtlj ^m<Zti5i<. Ga 
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[0 0 8 7] Jil±pa>bfectotc, ^ 
Sl5M^ja¥A^iS<. l&^^«ffi*siS<s B.o(t«ffi*,eitS 

So 

[S3] *^^®^3te^?©asB®M;&ffi?£«i-«!iiiisx 
a®f®ET-feSo 

[04] *|gW®i|i»(*:^3fc3S^CD!|t1ft<&«^i^7 7 0 
T-feSo ■r'Stt)*.^ IHIE (a) iBllgl 
(b) B:SBg-:>feMy-^f^4?&^tl^tl«-r. 

[H 5 ] ^mm(om 1 ©^fl$0!i^*-r«i^$«iST-^ 

So 

[06] *IBRa®^2©^J&0!lS^-r«lJi:^SJ^gHffe 

So 

[117] :^mM(Dm3cDmMm^m.-tmi^wmx'h 

So 

[08] *|gra©Sg4©|g}i$0!l4*t-«fcg:^0T-& 

So 

[0 9 ] *«Bgo^ 5 (Dmi-m^m-rm^mumx'^ 

So 

[0 1 0 J ^^£*os^b^lSi|£^S{*:L e D(ommmmi^ 
■rms&imx-$>^o 

1.10 1 V7-r^Tmi 

2. 102 nMGaNM 

3. 103 InG&Nm^m 

4. 104 pMGaNJS 

5^ 105 nmmm 

6 s 106 >-ir ' ¥ 

7.107 mmm±B 
10 

1 1 ;iV-Xh^-iy 

1 2 iti3*lx>X 

13. 113 pmm^^mm 

2 0 ^^BSttJiiJb^ 

4 0 -?^^iy<^Am 
4 2 



(9) 



2000-196152 



mi) 





m5} 

:o o o 
o o o 




(a) 





3.0 




(c) 
(d) 





[124] 



20 



I'' 

w 10 
§ 5 
O 









1 



























































0 0.5 1 1.5 2 2.5 3 3.5 4 

CV) 



^0 

go 

*8 



0.9 















































-i:^ — 








— 







































10 15 20 S 

l^fE (mA) 



(10) 



000-196152 



[06] [071 




[08] 

m9i 




{72mm% & m "f- m F^'-A(##) 5F041 AA03 CA34 CA40 CA49 CAS? 

»^JII»JI|lWrp#E/>(pl*SHTl ftiC^ CA65 CA72 CA74 CA83 CA88 

tt«S5ff38lll6-b>'J'-rt CA93CA98 



